(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date (10) International Publication Number 

23 May 2002 (23.05.2002) pCT WO 02/40068 A2 



(51) International Patent Classification^: A61L 15/54, 

24/00, A6 IK 9/00 

(21) International Application Number: PCT/US01/44057 

(22) International Filing Date: 

6 November 2001 (06.1L2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

09/710,345 9 November 2000 (09.11.2000) US 

09/946,700 5 September 2001 (05.09.2001) US 

(71) Applicant and 
^_ (72) Inventor: LEADERMAN, Richard, N. [US/US]; 1284 
^= Elm Street West Springfield, MA 01089 (US). 



(74) Agent: SANTUCCI, Ronald, R.; Frommer Lawrence & 
Haug, LLP, 745 Fifth Avenue, New York, NY 10151 (US). 

(81) Designated States (national): CA, MX. 

(84) Designated States (regional): European patent (AT, BE, 
CH, CY DE, DK, ES, R, FR, GB, GR, IE, IT, LU, MC, 
NL, FT, SE, TR). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations , refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 



00 

(54) Title: WOUND DRESSING AND DRUG DELIVERY SYSTEM 



(57) Abstract: A dressing and method of treating wounds is provided. The dressing can comprise watersoluble or swellable poly- 
mers capable of forming viscous aqueous or non-aqueous solution and form a gel, and which may be dehydrated and milled to form a 
powder. The dressing can be constructed in the form of a sponge or sheet impregnated with the gel, or may contain a tooth-whitener, 
and may be coated onto a non-porous, porous or microporous backing. Wounds treated with dressings in accordance with embodi- 
ment of the invention will tend to heal without the formation of atypical hard scab. The dressing may also be covered with a protective 
coating such as a cyanoacrylic liquid or spray, or may be attached to a backing such as an adhesive bandage to protect the wound 
from an excessively fluids environment and from mechanical stresses. 
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WOUND DRESSING AND DRUG DELIVERY SYSTEM 

BACKGROUND OF THE INVENTION 

The invention relates to dressings and in particular, to dressings for 
wounds in the oral cavity and for delivering preparations, such as antibiotics, 
5 pain medication, or agents for whitening the teeth, to selected parts of the 
body including the oral cavity and other parts, and to materials which can 
applied to the wound area to protect the wound 

Conventional dressings for the oral cavity has not been fully 
satisfactory. The oral cavity has a high level of bacteria and thus, wounds, 
10 including ulcers cannot be adequately treated. Frequently, the wounds take 

several days to heal and if patients are to be sent home after the surgery, they 
need to eat during the healing time. This presents additional problems in 
constructing an appropriate dressing. Various methods of protecting the 
wound often result in slowed healing around what is commonly a plasterlike 
15 material used to cover the wound. This plaster-like dressing can become 
detached and there is then renewed possibility for infection and bleeding. 

It is often necessary to deliver an antibiotic or other pharmaceutical, 
drug or preparation to a wound or to apply whitening agents to the teeth. 
However, when such preparations are applied within the oral cavity, it can be 
20 difficult to maintain the preparation in its proper location in view of the 
natural processes which occur within the mouth. 

Accordingly, it is desirable to provide an improved woimd dressing 
and system for applying dmgs and other treatment preparations to wounds, 
which overcome the disadvantages of the prior art. 
25 SUMMARY OF THE INVENTION 

Generally speaking, in accordance with the invention, a dressing 
material and method of treating wounds and applying therapeutic materials 
and preparations to selected parts of the body is provided. The dressing can 
comprise a water-soluble polymer which is capable of forming a viscous 
30 aqueous or non-aqueous solution and form a gel. The gel can be dehydrated 
to form a foam or powder which can be reconstituted prior to use, or applied 
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directly to a wound. The dressing can be constructed in the form of a sponge 
or sheet impregnated with the gel, or coated onto a substrate or backing. The 
dressing can also be provided in a form of a dehydrated powder, such as one 
which can be sprinMed under a flap of tissue and which will hold the flap 
5 down as a substitute for the use of stitches. Wounds treated with dressings in 
accordance with embodiments of the invention will tend to heal faster 
because there is less trauma to the wound or surgical site and because 
dressings in accordance with the invention do not interfere with healing the 
body, which can heal at a rapid rate, 

10 Gels in accordance with the invention can comprise acrylic acid 

polymers, particularly acrylic acid polymers cross-linked with divinyl 
glycols, and in particular, pharmaceutical resins sold under the name 
NOVEON, by B.F. Goodrich, Chemical Co. and most preferably the acid 
form of polycarbophil, meeting the USP monograph for polycarbophil. The 

15 general structure of such a resin is the following: -[-CH2-HCCOOH]n,- and 
is drawn below. 

The gel can also be formed with preservatives, such as sorbic acid, 
hydroxides, such as sodium hydroxide and water. In use, the gel, gel in a 
carrier or gel, carrier and backing can adhere to gum surfaces and is easily 
20 removed by direct removal or washing. 

Coatings may be applied to a wound, or the dressing may be 
incorporated onto a backing such as a tape or adhesive plastic strip to ftirther 
protect the dressed woimd from mechanical disturbances. The backing may 
be of a porous, non-porous or micro- porous material. For protection in an 
25 excessively fluid environment, a non-porous barrier can be applied to the 

area of the dressed wound to protect the dressing from fluids, such as saliva, 
which can compromise the adhesiveness of the dressing.. 

Accordingly, it is an object of the invention to provide an improved 
wound dressing. 

30 It is another object of the invention to provide an improved method of 

treating wounds. 
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It is another object of this invention to provide a method of protecting 
the dressing being used to treat the wound. 

Still another object of the invention is to provide an improved method 
and composition for treating wounds in the oral cavity. 
5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides a biodegradable matrix in the form of gel 
formulations and methods for producing the same, which also have the 
ability to contain, carry and apply chemical elements, such as antibiotics, 
anti-bacterial agents, bacterial-static agents and other drugs, for preventing or 
10 treating infection and to promote, enhance and speed the healing of wounds. 
The invention also comprises a carrier for the gel formulation, such as a 
gauze, sponge or other sheet that can become impregnated with the gel 
formulation and further processing by steps of severe dehydration, such as 
that associated with lyophilized processing to provide the gel formulation in 
15 powder form. The gel and/or gel/carrier composite can also be provided on a 
backing to protect the dressed wound, or the dressed wound can be protected 
by coating the wound site with a tissue adhesive such as cyanoacrylate. 

The formulations and articles described herein are particularly useful 
for topical applications within the oral cavity, but alternatively may be used 
20 elsewhere on the body. 

The formulations comprise water soluble, pharmaceutically and/or 
oral cavity compatible polymeric material for providing viscosity within 
acceptable ranges, as determined by the particular application of the gel. The 
gel formulation provides advantageous controlled release and increased 
25 contact time with the intended oral cavity site. Preparing and using 

therapeutic gels is discussed in U.S. Patent Nos. 5,876,744 and 5,989,535, 
which themselves cite earlier patents on this issue and the contents of these 
patents are incorporated herein by reference. 

Gel/carrier and gel/catrier/backing formulations of the present 
30 invention have the advantage of adhering to a gum or tooth surface and 

conforming to the irregular surface contours and membranes encountered . 
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within the oral cavity. The gel and composites comprisuig the gel with the 
carrier and/or baddng may be applied directly to the gum or tooth sxxrface or 
in conjxmction with or without a compliant non-porous, porous or micro- 
porous substrate, for example, in the fonn of a coating, to be applied to the 
5 oral cavity site intended for specified activity. Composites in accordance 
with preferred embodiments of the invention have the further advantage of 
easy application to the oral cavity surface and easy removal by direct 
removal or washing. Embodiment of the invention can also exhibit the abiUty 
to permit increased activity to the intended site and further activity increase 

10 through moisture activation of components, if required. 

When the dressings of this invention are applied to the wet surface of 
a woimd, the gel or gel/carrier adlieres to the wet tissue. In this manner, a 
woxmd can be closed or sealed by the adhesive effect of the dressing. The 
adhesiveness of the gel or gel/carrier can be compromised, however, if the 

1 5 material becomes totally engulfed in fluids. To protect the dressing firom the 
effect of an overly wet environment, the dressing can be applied in a manner 
disclosed herein, and then a coating or non-porous backing may be * 
adhesively applied to protect the dressing from additional fluid from the wet 
environment. 

20 In the oral cavity, for example, the dressing material may be placed 

over the wound or within a flap of wound tissue, and a polymeric coating, 
such as of cyanoacrylate applied. Such coatings may be in the form of a 
spray, or a liquid to be applied by pouring or otherwise applying to cover the 
dressed wound. Said coating protects the dressing from additional fluids, so 

25 that the adhesion of the dressing is not compromised. Also, when used in the 
oral cavity, such coatings protect the dressing from mechanical disturbance 
such as from the tongue, cheek or the chewing of food. Altematively, a 
non-porous, porous or micro-porous covering, such as a tape or plastic 
adhesive strip may be affixed to the area to protect the dressing. 

30 On the skin or other areas of the body, the dressing may be applied to 

the wet tissue of a wound to close or otherwise seal the wound. The 

4 
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adhesiveness of the dressing is very effective in closing and protecting the 
woxmd. However, a wound may be subject to external mechanical 
disturbances which may act to overcome the adhesive properties of the 
dressing and thus open the wound. Such mechanical disturbance may consist 
5 of a force from flexing or stretching the surrounding tissue, or rubbing 
against an extemal object, or other insult. 

The dressing of this invention may be attached to or inserted onto an 
adhesive backing, such as a tape or plastic adhesive strip or other similar 
substrate. The tape or substrate will fix the dressing to the wound and 

10 provide added protection against such mechanical disturbance. The use of a 
plastic strip or other substrate to which the dressing material is affixed will 
- allow the dressing to last longer and the wound to heal quickly. 

The use of a non-porous, porous or micro-porous substrate can be 
effective in protecting against the mechanical disturbances such as those 

1 5 described above. If a nonporous covering or substrate is used, the fluids of 
the wet wound tissue will be held within the dressing and be reabsorbed. A 
porous substrate may be such as a tape or plastic adhesive strip which has air 
holes. Such a porous substrate will allow the wound to breath and dry, thus 
maintaining or increasing the adhesiveness of the wound during healing. 

20 Aqueous gels in accordance with preferred embodiments of the 

invention will have different viscosities depending on the intended 
application. The viscosity of gel material prior to the freeze dried processing 
can have significant effects for a number of reasons. A thimier low viscosity 
gel in the range of about 1,000 cps up to approximately 10,000 cps, will 

25 generally have a lower concentration of solids. The lower concentration of 
solids in solution can result in a tliimier freeze dried product when compared 
to the same processing steps, lyophilization, applied to a thicker gel, with 
high viscosity in the range about 10,000 cps to 100,000+ cps, which 
generally have a higher concentration of solids in solution. Thus, adjusting 

30 the viscosity lends itself to tlie custom or tailored fabrication of the soUd 

foam, porous sheet or resulting product. This would allow thicker materials 
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to be utilized in extended time release of drug or preparation of delivery 
products. 

This would also allow thicker materials to fill larger void zones of the 
oral cavity intended for coverage. This would also lend the thicker product to 
5 potentially be less flexible and compliant to contours within the oral cavity 
where the wound dressing may be required. The thickness may benefit the 
product efficiency in the prevention of detritus permeation through the 
dressing to the covered site. 

It should also be noted, that this product, regardless of initial 

10 thiclcness, after primary processing (freeze drying), may be pressed via a 

secondary process step after the completion of the fi-eeze drying procedOTe, 
This additional step would allow the physical characteristics, and potential 
flexibility benefits of a thinner product to be experienced by a "thicker" 
freeze dried product, resulting in what may be considered a concentrated 

1 5 product formulation or processing step. 

The solubihty of the material may be adjusted through the addition of 
noninteracting secondary raw materials to the liquid state formulation mix, or 
sprayed over the completed product to form a bi-layer, tri-layer, or other 
mxxltiple layer material that can demonstrate varied solubility and 

20 degradation over time when compared to a single formulation mix and 

subsequent freeze drj/ing or other means of processing to form the desired 
product. 

Gel foiming materials in accordance with preferred embodiments of 
the invention can comprise water-soluble polymers capable of forming a 

25 viscous aqueous solution of a non-water soluble material. Water-swellable 

polymers, which can also fonn a viscous solution are also preferred. As used 
herein, the terms swellable polymers will refer to those polymers which 
absorb water rather than dissolve in water. Cross-linked forms of the 
polymers described herein may not be water soluble, but may be water 

30 swellable. As used herein, cross-linking encompasses, but is not limited to 

covalently bonding polymer chains with bifimctional reagents. It will also be 
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imderstood by those of ordinary skill in the art that certain polymers may 
have to be used in the salt or acid form or a partially neutralized form in 
order to be made water-soluble or to obtain the viscosity characteristics 
devised by a specific application. Thus, unless otherwise specified, the 
5 identification of a polymer will also refer to the salt, acid or chelated form of 
the polymer. Preferred dressings will be able to adhere to a wound site, such 
as one within the oral cavity for at least 24 hours. 

Preferred polymers for forming aqueous gel fomiulations in 
accordance with preferred embodiments of the invention include vinyl 

10 polymers, polyoxyethylenepolyoxypropylene copolymers, polysaccharides, 
proteins, poly(ethylene)oxides, acrylauiide polymers and derivatives and 
salts thereof It is also to be understood that poly(ethylene)oxides includes 
polyethylene glycol. For applications in which ingestion of the formulation 
may occur, it is preferred not to employ polyoxyethylene polyoxypropalene 

1 5 copolymers or poly(ethyleneoxide). 

Vinyl polymers, also known as substituted polyethylenes, are useful 
in accordance with the preferred embodiments of the invention and may be 
selected fi-om polyacrylic acid, polymethacrylic acid, polj^inyl, tyrrolidone 
and polyvinyl alcohols. 

20 One particularly advantageous family of gel forming polymers is in 

the family of acryUc acids and methacrylic acids, particularly when cross 
linked with divinyl glycols and particularly 3,4-diliyroxy-l,5-hexadiene, in 
view of several factors, including high water absorbing ability. One 
particularly preferred polymer in this family is polycarbopliil, most 

25 preferably the acid fonn, and sold by B.F. Goodrich under the designation 
NOVEON AA-1 . Polycarbophil is preferably present as at least 0.1, 
advantageously 0.1 to 2.0 and more preferably 0.3% to 0.7% by weight of 
the gel formulation prior to any dehydration thereof. 

The polysaccharides in accordance with preferred embodiments of 

30 the invention may be selected jfrom cellulose or cellulose derivatives, (such 
as carboxymethylene, carboxymethylocellulose, and/or plasticized methyl or 
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etliyl cellulose), glycoaminoglycans, agar, pectin, alginic acid, dextran, 
starch, and chitosan. 

Starches occur in two forms, the alpha-amylose and amylopectin 
form. The more water soluble alpha-amylose form is preferred. 
5 Glycosaminoglycans in accordance with preferred embodiments of the 
invention can be selected from hyaluronic acid, chonocroitin, 
chondroitain-4-sulfate, chondroitin-6-sulfate, sematati sulfate, deratan 
sulfate, heparin sulfact ena heparin. Cycosaminoglycans and polysaccharides 
are advantageously included in formulations in accordance with preferred 

10 embodiments of the invention, in order to enhance the tissue conditioning 
and protection of the gum-line in expanded application use. Proteins are 
advantageously included in formulations in accordance with preferred 
embodiments of the invention, including collagen, gelatin and fibronectin. 
Advantageous acrylamide polymers include polyacrylamide or 

15 polymethacrylamide polymers. Biocompatible polyacrylamide polymers are 
preferred. 

Gels in accordance with preferred embodiments of the invention can 
be lyophilized to provide a stable powder, from which gels can be 
reconstituted at the time of use, for use directly on dry sheets, foam or films, 

20 to deliver a dosage of the gel to the intended site of application, such as in 
the oral cavity. Also, powdered gels can be sprinkled under flaps of skin to 
hold the flap in place and promote healing. 

Gels and composites employing the gels and the further processing 
thereof are useful in drop formulations, irrigating solutions, protective 

25 dressings, salves, as in Uquid and solid form for wound healing and the like. 

A wound that may be healed using the compositions disclosed herein can be 
those which result from accidental or medical injury, surgically induced 
wounds, such as surgery in the oral cavity, such as those related to dental 
applications and cutaneous wounds, such as bum woimds, incision wounds, 

30 donor site wounds from skin transplants, ulcers (cutaneous, decubitis, venous 
stasis and diabetic). The gels and related embodiments thereof, such as films 

8 
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of the present invention may also be used for healing internal incisions as 
well as internal wounds, such as gastric ulcers. 

In those applications where the gel, flhns or sheet are applied to an 
internal or incision wound, it is preferred that the gel, fihn, or foam forming 
5 polymer be degradable. Natural occurring polymers, such as collagen, 

glycoaminoglycans, gelatin and starch are generally degradable. Cellulose 
and cellulosics are generally not degradable. Synthetic polymers, such as 
vinyl polymers are not degradable. 

Viscosity for gel formulation in accordance with preferred 

10 embodiments of the invention, prior to lyophilization of the composites is 

generally between 1,000 cps to 12,000,000 cps at room temperature (RT). A 
preferred viscosity ranges between 10,000 and 100,000 cps at RT. 

Acrylamide polymers, particularly those exhibiting adhesive 
characteristics, may be useful in oral cavity applications. In one embodiment 

15 of the invention, the formulation can comprise 0.1% by weight acrylic 

polymer as a thickening agent and demonstrate a viscosity range between 
about 13,000 and 30,000 cps. In another embodiment of the invention, 0.5% 
acrylic polymer as thickener is used in the formulation demonstrate a 
viscosity range from 40,000 to 60,000 cps. In a more preferred embodiment, 

20 the acryHc polymer is comprised of polyacryhc acid cross linked with 

polyvinyl glycol and in a most preferred embodiment, comprises the acid 
form of polycarbophil. The polymer component can also be used to contain 
the "medicine" of the composition. 

In another embodiment of the invention, the gel component may 

25 comprise 1-20% by weight cellulose derivative, having molecular weights 

from 5-700,000. In preferred embodiments, the cellulose derivative is present 
as 2-8% by weight and the preferred molecular weight range is from 
50,000-300,000. Viscosities in the 10,000 to 200,000 cps range are also 
preferred. The preferred cellulose derivatives are hydroxypropyl cellulose 

30 (HPC), hydroxypropyhnethyl cellulose (HPMC), methyl cellulose (MC), and 
carboxymethyl cellulose (CMC). 
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It will also be apparent to one of ordinary skill in ttie art that the 
desired viscosity range can be achieved by varying both the molecular 
wei^t and the percent concentration of the polymer in the formulation. For 
example, a gel having a relatively low viscosity can be formulated by using a 
5 low molecular weight polymer or a lower percent concentration of a higher 
molecular weight polymer, or a combination of the two. Thus, higher 
viscosity gels can be achieved by raising either the molecular weight of the 
polymer, the percent concentration of the polymer or both. 

The gel, foam and/or fihn formulations in accordance with preferred 

10 embodiments of the invention can be used to coat fibers of an absorbent 
gauze dressing, nonporous, porous, or micro porous fabric as identified 
below and provide dressings that can be placed in the oral cavity. The gels, 
foams or film formulations of preferred embodiments of the invention can be 
applied to the dressing material by soaking, spray coating, dip coating or 

15 applying the material to the dressing material by mechanical means, such as 
the use of a doctor blade or other conventional coating methods. 

The composite dressing can be processed, for example, through 
severe dehydration, by e.g., lyophilization and applied to the intended 
surface. The activity of the contained "medicine", in applications where such 

20 product is intended to deliver the "medicine" to an intended site, contacts the 
site to increase potential of intended activity. 

The dressing material in accordance with preferred embodunents of 
the invention can include porous, non porous, or micro porous polyesters, 
rayons, cottons, wools, silks, papers, foams (open and closed cell), woven 

25 and non- woven fabrics, polyolefins, polyesters, copolyesters, pol5airethanes, 
ethyl vinyl acetate, polyether block amides, ethylene methacrylic acids or 
polyethylenes. If applications in accordance with the invention required 
potential ingestion of the product, degradable components should be used 
and should be of pharmaceutical or medical grade material, such as those 

30 designated by USP, NF, P, NF, etc. The biodegradability of various polymers 
are known to those in the art. 

10 



The biodegradability of the various polymers may also be related to 
the water solubility of the products that are produced j&om these raw 
materials. The degradability of the products produced can be directly related 
to the water solubility and effect of ions, such as salts, and other chemical 
aspects that may come in contact with the product once in the oral cavity or 
other site of intended application. A non-water soluble component of the 
product, addition of other raw materials to the formulation prior to, or 
following the freeze drying process may affect the solubility of the final 
product produced. The nonsoluble component could be utilized to extend the 
time duration and treatment at the intended site of application. The 
non-soluble component could become, and be designed to dissolve after 
certain time exposure to application site fluids or enzymes, or release soluble 
items within the product itself or influenced by or a direct production of the 
appUcation site utilized, such as bodily fluids. 

Preferred embodiments of the invention will now be exemphfied with 
reference to the following examples, which are presented for purposes of 
illustration only and are not intended to be construed as limiting. 

Example 1 

A formulation was prepared, comprising 
0.5% by weight Noveon AA- 1 ; 
0.5% by weight sorbic acid (preservative); 
0.5% by weight sodium hydroxide; and 
98.5% purified water. 

A small portion, about 10% of the water was set aside and the 
remainder of the water was stirred to produce a type of vortex. Noveon AA-1 
powder was slowly sifted into vortex and once addition was completed, the 
speed of mixing was reduced, in order to help avoid the introduction of air 
bubbles. The sorbic acid was then combined with half of the retained water 
and the sorbic acid solution was then mixed into the Noveon solution. The 
sodium hydroxide was mixed with the other half of the retained water and 
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then slowly mixed into the solution. Once a uniform gel was produced, the 
product was poured off. It can be poured into a clear plastic pail and die top 
can be seciired and sealed after filling. 

Example 2 

To process the material into a fireeze-dried foam, stainless steel trays 
were filled to 16.8 grams per cm2 of the gel of Example 1. The trays were 
then inserted into pre-cooled freezer shelves of a freeze dryer at -45°C, with 
temperature monitoring probes inserted into the trays. After the tray contents 
reached a temperature of -40°C, the vacuum in the dryer was set to 100 mT 
(milli Torr) and the temperature was ramped slowly to over the next six 
hours. The vacuum was maintained at ICQ mT and the temperatin-e was 
maintained at O^C for over ten hovirs. Then, with the vacuum maintained at 
100 mT, the shelf temperature was ramped to over the next four hours. 
The vacuum was then released and the product was removed and sealed from 
the room atmosphere. 

At this point, the product can be cut to desired size in a controlled 
low moisture environment. Efforts should be made to minimize moisture 
exposure of the product to prevent re-hydration. 

It is advantageous to place the dried foam-like product into a heat 
sealed "Tyzek" type pouch to seal the foam from the environment. If 
sterilized, the sealed product should be placed into a secondary pouch and 
sealed. In one preferred embodiment of the uivention, sterilization is effected 
through gamma radiation exposure. 

The viscous gel formed in Example 1, a piece of the fieeze-dried gel 
of Example 2, or a lyophilized powder form the of freeze-dried gel maybe 
attached to a protective backing, such as an adhesive bandage, or other 
backing such as a medical tape, strip or those bandages commercially 
available under the trade name "Band- Aid." The backing may have an 
adhesive side or may be attached with adhesive to the wound site. The 
backing can be porous to allow the drying of the wound; or may be 
non-porous to form an island type of dressing. 
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The island type dressing would keep out any fluids from the 
surrounding environment and isolate the fluids of the wound tissue which 
would be reabsorbed by the woimd. Such island type dressing substrates are 
particularly effective for use in the oral cavity, where excessive fluids can 
compromise the adhesive nature of the dressing of the invention. 

Another method of achieving a protective barrier is to apply the 
dressing material to the wound, in either powder form, as a viscous gel, or on 
a carrier such as gauze. The dressing will form an adhesive connection to the 
woimd, or can be used to seal the flap of a wound closed. Once the wound is 
so dressed, cyanoacrylate can be applied either as a spray or a liquid to the 
area of the wound. Such a method is effective in the oral cavity, where the 
cyanoacrylate coating will help to protect the dressing from excessive fluids. 

Thus, a preferred embodiment of the present invention is to employ a 
piece of the freeze dried gel as an insert which is attached to an adhesive 
bandage. The adhesive bandage is then adhered to the wound, so that the 
dressing adheres to the woimd and the ban-aid covers the wound site so as to 
protect it from mechanical disturbances. 

One particularly preferried use of dressings in accordance with the 
invention is to maintain whitening agents, such as various conventional 
buffered and unbuffered hydrogen peroxide and peroxide containing 
whitening agents against teeth. Tooth whitening agents, including various 
hydrogen peroxide derivatives and formulations which whiten teeth through 
peroxide activity are described in U.S. Patent Nos. 3,657,413, 4,431,631, 
4,537,413, 4,839,156 and 4,990,089, the contents of which are incorporated 
herein by reference. 

Whitening agents can be applied to the gel, and one side of the gel 
can comprise a backing material such as an acrylic strip which will adhere to 
the gel, but will prevent adhesion to the oral surface behind the lips. Gels in 
accordance with the invention will conform to the irregular surfaces of the 
teeth when pressed in place. Thus, treatments of up to about 30 minutes or 
longer can be performed without the need for constructing a .custom made 
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tray to hold the whiteniiig material to the teeth. Whitening strips can be 
pre-packaged, applied against the teeth and removed easily with or without 
water flushing. 

It will thus be seen that the objects set forth above, among those 
5 made apparent from the preceding description, are efficiently obtained and, 
since certain changes may be made in carrying out the above method and in 
the articles set forth, without departing from the spirit and scope of the 
invention, it is intended that aU matter contained in the above description 
shall be interpreted as illustrative and not in a limiting sense. 
10 It is also to be tmderstood that the following claims are intended to 

cover all of the generic and specific features of the invention herein 
described and all statements of the scope of the invention in which, as a 
matter of language, might be set to fall therebetween. 

Particularly, it is to be understood that in said claims, ingredients or 
15 compoimds recited in the singular are intended to include compatible 
mixtures of such ingredients, where ever the sense permits. 
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What is claimed is; 

1 . A method of treating a wound with a dressing material, comprising: 
forming a gel with a gel forming amount of a water soluble or water 
swellable pharmaceutically acceptable polymer; dehydrating the gel to a 

5 preparation in the form of a foam or powder form of the gel material; 

applying the preparation in either a rehydrated or non-rehydrated form to the 
wound, said wound with said preparation comprising a dressed woxmd; 
applying an substrate to cover the dressed wound; the foam or powder in a 
suitable form, that it will adhere to a wound for at least 24 hours and during 
10 that time, enhance healing of the wound and help prevent infection of the 
wound. 

2. The method of claim 1 wherein the substrate is comprised of a 
non-porous material. 

15 

3. The method of claim 1 wherein the substrate is comprised of a 
porous material. 

4. The method of claim 1 wherein the substrate is comprised of a 
20 micro-porous material. 

5. The method of claim 1 wherein the substrate is an adhesive medical 
tape, 

25 6. The method of claim I wherein the substrate is a cyanoacrylate 
coating. 

7. The method of claim 1, wherein the preparation is apphed to a wound 
in the oral cavity. 

30 
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8. The method of claim 1, wherem the polymer component comprises a 
member selected firom the group consisting of polyoxyethylene - 
polyoxypropylene copolymers, polysaccharides, poly (ethylene oxide), 
acrylamide polymers, and salts and derivatives thereof 

5 

9. The method of claim 1, wherein the polymer component comprises 
vinyl polymers or salts or derivatives thereof. 

1 0. The method of claim 1 , wherein the polymer component comprises 
10 salt or acid fomis of polymers of acrylic or methacryhc acids cross-linked 

with divinyl glycol. 

1 1 . The method of claim 1 , wherein the polymer component comprises 
the acid form of polycarbophil. 

15 

12. The method of claim 1 , wherein the polymer component consists 
essentially of the acid form of polycarbophil. 

13. The method of claim 1, wherein the gel is formed with at least about 
20 0. 1 % by weight polycarbophil. 

14. The method of claim 1, wherein the gel is formed with about 0.1 to 
2.0% by weight polycarbophil. 

25 15. The method of claim 1 , wherein the gel is formed with about 0,3% to 
0.7% by weight polycarbopliil. 

16. The method of claim 1 , wherein the polymer component comprises 
at least one member selected from the group consisting of collagen, gelatin, 
30 fibronectin, cellulose, HPC, HPMC, MC, EC, CMC aad CEC. 
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17. The method of claim 1, wherein the gel is incorporated applied to a 
phaxxnaceutically acceptable carrier substrate prior to dehydration. 

18. The method of claim 1, wherein the dehydrated gel is applied to a 
pharmaceutically acceptable carrier substrate after dehydration. 

19. The method of claim 1, wherein the gel is dehydrated into the form 
of a powder and the wound comprises the area under a flap of tissue and the 
powder is applied to the wound and holds the flap in place. 

20. The method of claim 1, comprising including an anti-bacterial agent 
in the dressing material. 

21 . A dressing for treating wounds, comprising the dehydrated form of a 
gel formed from a biocompatable polymer and water, said dehydrated gel 
being in the form of a foam sheet or a powder that will adhere to tissue at a 
wound site, promote heaUng of a wound covered by the dressing and help 
protect the wound from infection, said dehydrated gel being attached to an 
backing, said backing being attached to said wound area. 

22. A woxmd dressing comprising the acid form of polycarbophil in the 
form of a gel, foam or powder. 

23. A method of treating a wound with a dressing material, comprising: 
forming a gel with a gel forming amount of a water soluble or water 
swellable pharmaceutically acceptable polymer; dehydrating the gel to a 
preparation in the form of a foam or powder form of the gel material; 
attaching said preparation to a backing; said backing containing said 
preparation being applied to the wound; the foam or powder in a suitable 
form so that it will adhere to a wound for at least 24 hours and during that 
time, enhance healing of the wound and help prevent infection of the wound. 
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The method of claim 23 wherein the backing is an adlaesive medical 



25. The method of claim 23 wherein the backing is comprised of a 
5 porous material. 

26. The method of claim 23 wherein the backing is comprised of a 
non-porous material. 

10 27. The method of claim 23 wherein the backing is comprised of a 
micro-porous material. 

28. The method of claim 23 wherein the preparation is partially 
rehydrated prior to application to the wound. 

15 

29. A method of treating a wound with a dressing material, comprising: 
forming a gel with a gel forming amoimt of a water soluble or water 

swellable pharmaceutically acceptable polymer; 

dehydrathig the gel to a preparation in the form of a foam or powder 
20 form of the gel material; 

applying the preparation in either a rehydrated or non-rehydrated 
form to the wound site; 

the foam or powder in a suitable form, that it will adhere to a wound 
site for at least 24 hours and during that time, enhance healing of the wound 
25 and help prevent infection of the wound. 

30. The method of claim 29, wherein the preparation is applied to a 
woxmd in the oral cavity. 

30 31. The method of claim 29, wherein the polymer component comprises 
a member selected from the group consisting of polyoxyethylene — 
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polyoxypropylene copolymers, polysaccharides, poly (ethylene oxide), 
acrylamide polymers, and salts and derivatives thereof. 

32. The method of claim 29, wherein the polymer component comprises 
5 vinyl polymers or salts or derivatives thereof. 

33. The method of claim 29, wherein the polymer component comprises 
salt or acid forms of polymers of acrylic or methacrylic acids crossliiiked 
with divinyl glycol. 

10 

34. The method of claim 29, wherein the polymer component comprises 
the acid form of polycarbophil, 

35. The method of claim 29, wherein the polymer component consists 
15 essentially of the acid form of polycarbophil. 

36. The method of claim 29, wherein the gel is formed with at least about 
0. 1 % by weight polycarbophil. 

20 37. The method of claim 29, wherein, the gel is formed with about 0. 1 to 
2.0% by weight polycarbophil. 

38. The method of claim 29, whereia the gel is formed with about 0.3% 
to 0.7% by weight polycarbophil. 

25 

39. The method of claim 29, wherein the polymer component comprises 
at least one member selected fi:om the group consisting of collagen, gelatin, 
fibronectm, cellulose, HPC, HPMC, MC, EC, CMC and CEC. 

30 40. The method of claim 29, wherein the gel is incorporated appUed to a 
phaimaceutically acceptable carrier substrate prior to dehydration. 
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41. The method of claim 29, wherein the dehydrated gel is applied to a 
pharmaceutically acceptable carrier substrate after dehydration. 

5 42. The method of claim 29, wherein the gel is dehydrated into the form 
of a powder and the wound comprises the area xmder a flap of tissue and the 
powder is applied to the wound and holds the flap in place. 

43. The method of claim 29, comprising including an anti-bacterial agent 
10 in the dressing material. 

44. A dressing for treating wounds, comprising the dehydrated fonn of a 
gel fomied from a biocompatable polymer and water, said dehydrated gel 
being in the form of a foam sheet or a powder that will adhere to tissue at a 

15 wound site, promote healing of a woxmd covered by the dressing and help 
protect the wound from infection. 

45. A wound dressing comprising the acid form of polycarbophil in the 
form of a gel, foam or powder. 

20 

46. A method of treating a wound, comprising: 

appljdng the dehydrated powder or foam form of an aqueous based 
gel of a polymer comprising polycarbophil to the wound. 

25 47. The method of claim 46, wherein the wound is in the oral cavity. 

48. The method of claim 46, wherein the wound comprises a flap of 
tissue, comprising applying the powder form of a dehydrated gel under the 
fly of tissue to hold down the flap, help prevent infection and increase tiie 
30 rate of healing of the wound. 
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49. A tooth whitener, comprising a layer of polycarbophil having tooth 
whitening material combined therewith. 

50. The tooth whitener of claim 49, wherein the tooth whitening material 
5 comprises buffered or unbuffered hydrogen peroxide. 

5 1 . The tooth whitener of claim 50, wherein one side of the layer of gel is 
backed with material which will not adhere to the teeth or gums. 

10 52. The tooth whitener of claim 49, wherein the layer of polycarbophil 
comprises dehydrated polycarbophil gel. 

53 . A metliod of whitening teeth, comprising forming a gel with a gel 
forming amount of a water soluble or water swellable phaxmaceutically 
15 acceptable polymer; dehydrating the gel and forming a sheet of dehydrated 
gel material; combining the gel with tooth whitening material before or after 
the gel is dehydrated; and adhering the layer of gel with tooth whitener to the 
teeth. 

20 54. The method of claun 53, wherein the tooth whitener is added after the 
layer is formed. 

55. The method of claim 53, wherein the tooth whitener is added before 
the layer is formed. 

25 

56. The method of claim 53, wherein the gel comprises polycarbophil. 

57. The method of claim 53, wherein the tooth wliitener comprises 
hydrogen peroxide. 

30 
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58. The metliod of claim 53, wherein the tooth whitener comprises a 
peroxide containing material. 
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